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SEVERALCOMBII’UUFIO~PROBESFORSURVEYINGSTATICAND

TOTALPRESSURE AMD FI.OWDIRECTION

By Wallace M. Schulze, George C. Ashby, Jr.,
and John R. M

suMMAqY

An investigationhas been conducted to provide a basis for the
design of combination probes intended to survey the static and total
pressure and direction of flow with special reference to subsonic turbo-
machine testing. Static-pressure probes, yaw-element probes, claw-
type yaw probes, and.combination probes were tested in an 8-inch-
diameter calibration tunnel at air velocities up to ~~ feet per second.

From the results of this investigation, the factors which determine
the sensitivity of claw-type yaw probes were determined. Satisfactory
combination survey probes for senstig static and total pressure and
direction of flow in one or two planes were devised.

. INTRODUCTION

The accurate measurement of flow properties is required through-
out the field of aerodynamic testing. When the flow under study is
contained within small passages or when the flow properties change
significantlywithin a short distance, as in turbomachines, the probes
used to survey the flow can affect the results. .Theprobe indications
may be affected by local alteration of the flow because of the presence
of the probe, by the inability of the probe to take all readings simul-
taneously at a point, by changes i!ncalibration factors resulting from
Reynolds number or Mach number effects, or by probe defamation. In”
order to minimize the errors due to these sources, a combination probe

. for subsanic turbomachine testing must be very small, capable of point
measurement, adaptable to many uses and wide speed ranges, and suitable
for use in the presence of small crbss flows; the probe should a~o ~=
a high flow-angle-indicationsensitivi~, negligible static- and total-

pressure correction factors~ rapid response, rugged construction, and
a calibration insensitive to small construction irregularities. A
combination flow-surveying probe having these properties has been
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needed for use in several research
tion was tiaugurated to provide an
probe for these programs.

NACATN2830

programs, and the present investiga-
acceptable design of a combination

A review of many reports has indicated that the simplest and most
reliable methods of measuring the desired quantities individually have
been standardized. The total pressure is conveniently Indicated with
an open tube pointed directly into the flow. References 1 and 2 pre-
sent the results of an extensive study of total-yressure ~robes. Refer-
ence 1 concludes in part that the best results are obtained if the
impact opening is as large as the ttie will allow. No further study
of this mibject was considered necessary for the present Investigation.

The static pressure is uswlly indicated with a round-end tube
having small orifice openings placed several tube diameters downstream
of the tip. A study of seven static-pressureprobes is presented in
reference 3. This work, however, was done at low speeds; therefore,
certain phases of this study were repeated and the scope extended h
the present investigation. Reference 4 presents the distribution of
static pressure along tubes having several _&pes of heads and indicates
that a static-pressure error of less than 1 percent of the dynamic pres-
sure may be expected at small ttie attitudes if the static orifices are “
3 or more probe-diameters downstream of the base of the nose. In refer-
ence ~, the effect of orifice size on static-pressure indication was
investigated h tests of long cylindrical probes 0.39 to l.~ inches in
diameter. This paper concludes that the ratio of orifice depth to ori-
fice diameter can be varied from approximately 4 to 0.1 and the ratio
of orifice diameter to probe diameter can be varied from approximately
0.01 to O.~ without a significant change in static-pressure indication.
Since the present investigationwas concerned with short probes of small “
diameter and reference 5 did not state a definite Reynolds number range,
a study of 0.060-inch-, 0.12>inch-, and 0.2>inch-diameter probes was made
over a Reynolds number range (based on probe diameter) of 3,000 to 53,000.
The ratio of orifice depth to orifice diameter was varied from 1.67to
O.~ and the ratio of orifice diameter to probe diameter was varied from
0.04 to 0.33 without an appreciable change in static-pressure indication.
These values were followed in the design of aXl probes for this report.

A comnon method of obtaining flow direction is the null system,
which makes use of a probe consisting of two symmetricallymounted
open-end tubes with the faces of the open ends makhg equal and oppo-

site angles with the air stream. The probe is rotated until both tubes
indicate equal pressures. A properly designed and constructed null-
type probe should not be affected by changes in Reynolds number or Mach
number. The null system is well-suited to the design of combination
surveying probes, since static and total pressure can be measured most
accurately when the probe is altied with the air stream. Yaw probes of
this type usually require calibration in a lamwn atr flow and are somewhat
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inaccurate in flow fields containing total-pressure gradients because
the two t~e openings may be in streams of different total pressure.
This difficulty can be minimized, however, by locating the tube openings
close together. Tests of several yaw-element tubes and yaw probes were
included in the present investigation to define the parameters govermtig
the flow-angle sensitivity of yaw probes.

The problem of designing a combination survey probe involves,
therefore, the combhation of these standardized methods of sensing
flow angle and static and total pressure h such a manner that the
mutual interference of the several individual sensing elements is neg-
ligible. The information obtained from the literature and from the
preseht study was used h the design of the combination survey probes.

-Reference ~ presents a combination probe similar to the final
designs evolved from the present study, but no information other than
flow-angle-indicationsensitivity is provided.’ This particular probe
would be generally unsatisfactory if constructed in very small sizes
because the angle-sensing elements are difficult to locate accurately
on its hemispherical nose.

The experimental work was performed primarily in a nonreturn
instrument-calibrationtunnel having an 8-inch-diameter test section.
Twenty-nine different probes were used during the investigation. The
characteristics of various types are presented and discussed. Two
survey-probe types were tested in an actual testing installation.

Pa static pressure

P yaw- or pitch-tube

H total pressure

q dynamic pressure,

x probe longitudinal

1! probe stem axis

SYMBOLS

pressure

H- Ps

axis

z axis normal to plane of X- and Y-axes

* angle of yaw; rotation about Y-axis
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e angle of pitch;

Subscripts:

o reference value

1,2 tube number

3 sts@Elrd Static

rotation about Z-axis

probe

4 longitudinal static probe

APPARATUS AND TEsTs

Testing Facility

The small wind tunnel designed and used for this probe calibration
work is shown pictorially and schematically in figures 1 and 2, respec-
tively. The air is induced from the atmosphere through a honeycomb
straightener and two ftne mesh screens and is then accelerated through
a smoothly faired entrance cone into the test section. The test section

is 32 inches long and
%
L inches ti diameter with machined and bcquer-

coated tnternal surfaces. After the air passes through the test section,
it is diffused and then passed through the rotor and exhausted to the
atmosphere. The tunnel provides flow velocities up to ~0 feet per
second.

A longitud~l static-pressureprobe extend~g a considerable dis-
tance upstream and downstream of the test section is suspended on piano
wires 2 inches from the lower surface as shown In figure 2(b). This
probe has four small static-pressure orifices 90° apart. The orifice
position can be adjusted upstream or downstream of the instrument ports
to indicate the true static pressure at any longitudinal position
desired. The longitudinal static-pressure survey of the tunnel
(fig. 3(a)) wasmade tiththis probe. The flow tiaversesof thetunn=l,
(figs. 3(b) and 3(c)] were made with calibrated pitot-static and claw-
type yaw probes. The stems of the probes extended all the way across
the test section so that the flow constriction would not vary as the
probe traversed the tunnel. The results of these surveys for three
flow speeds indicate that uniform flow existed in the tunnel except
nes.rthe walls. The Mx5nmm variation of static or total pressure, in
the middle 6 inches, is less than 1/2 percent of the dynamic pressure.

——— ———. — .—— — — ———
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Instruments can be mounted through three 1* -inch-diameter split

plugs, located 90° apart, 24 inches downstream~f the test-section
entrance (figs. 1 and 2(b)). All probes were mounted in the center of
the test section if possible. Two instrumentmounts of the type shown
in figure J(a) were made for use in these investigations. These baees
permitted yaw-angle settings within O.1° for 3@0 rotation and 10 incles
of movement of the supported shaft to O.01-inch accuracy. Each mount
is equipped with a precision level to aid in alining the probe. Pitching
and rolling mounts, as,shown in figures k(b) and 4(c), were used in con-
jumction with these bases for tests requiring pitching and rolling of
the probe..

Probes Investigated

All instruments tested had either $- or $-inch-diameter stems.

Figure 5 shows the four yaw-element probes and five claw-type yaw probes
used in the yaw-sensitivity tests. The yaw-element probes were made
from tubing of O.Ox-inch outside diameter and 0.040-inch inside diame-
ter and had slanted ends cut 90°, 600, 450, and 30° from the tube axis.

Claw-type yaw probes having 180°, l~”, 120°, $X)”,and 60° ticluded
aru?lesbetween the forward arms were tested with included andes between
th;
For
was

open faces cut successively to 0°, 17, 30°, 45°, 60°, ~-o, and 120°.
all the claw-type-probetests the distance between the tube’openings
approximately 1 tube diameter or 0.060 inch.

The six pitot-static probes tested are shown in figure 6with the
sliding sleeve and stem extensions used in conjunction with the probes
for determining interference effects. These probes were made of tubing
of O.O@-inch outside diameter with 0.020-inch internal pressure lines.
The static-pressureorifices had a diameter of 0.006 inch and were located
10 tube diameters downstream of the tip. The stem center line was 0.5,
0.8,1.2, 1.7,

orifices. The

over the probe

shaft and were

2.3, and 3.0 inches downstream from the static-pressure’

1 -inch-outside-diametersleeves were designed to fit
T

stems of --inch outside diameter to stiulate a larger
:

slotted 4 inches to allow movement beyond the probes.

Eight types of combination probes (fig. 7) for sensing flow angle
and total and stitic pressure were also tested. Although these probes
were generally unsatisfactory, these test results provided information
used in the design of the more accurate prism and pyramid types of com-—

—c..——..— .— ~. —— —-
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binationprohes (fig. 8). The prism-tie pro%e is designed to measure
flow direction h one plane and total and static pressure. The pyramid
probe is designed to measure flow direction in two planes and total and
static pressure.

Tests and Presentation of’Data

With the exception of tests of the pyramid-type probe at supersonic
velocities and tests of the prism-type probes at high stisonic velocities,
the tests were made in a speed range of 125 to 4-45feet per second (a
Mach number range based on standard stagnation temperature of approxi-
mately 0.1 to 0.4). The Reyholds number range based on standard stagna-
tion density and viscosity and probe diameter was approximately 3,000
to 53,000.

Figure 9 shmm the angle designations used in this paper. The
pressure values used as references in this investigationwere measured
at a station midway between tunnel center line and wall. The reference
static pressure was measuredly either the longitudinal probe (fig. 2(b))
or the standard static probe (fig. 10), since the agreement between the
probes was within 1/2 percent of dynamic pressure (fig. 11). The longi-
tudinal probe was used predominantly, however. The reference total pres-
sure was obtained tith a yaw-element probe (A = ~“, fig. 12).

Precision

Tests were made to determine the conibtiedeffect of blocking and
proximi@ titerference of a probe on the reference static pressure. For
these tests, the dymamic pressure in the tunnel was adjusted by reference

to a static-pressureorifice approximately 2$t=el diameters upstream

of the test section. The longitudinal-probestatic-pressurereading
was taken with a test probe inserted alternately from the top or from
the side and without a test probe. The effect of the pr6be and stem
caused the static-pressurereading of the longitudinal probe to change
by less than 1 percent of the dynamic pressure for either probe position.
The proximity interference of probes 5 or more probe diameters apart has
been shown to exhibit no significant mutual interference effects (ref. 6).
The probes studied in this Investigationwere located about 20 probe
diameters from the reference. Therefore, the effect measured was due
to blockti of the test section by the stem and probe, and since the.
effect of blocking was felt uniformly across the test section, no
ficant error in calibration of the test probes was anticipated.

signi-

.
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All data, except those recorded h the
manually, the observer reading the vertical
0.01 inch of alcohol. For nmst tests where

7

supersonic tests, were read
manometer to the nearest
small dtiferences of readings

were needed, pressure lines were branched and an inclined U-tuibewas
used to read these differences directly. All faired calibration curves
are believed to be accurate within 1 percent of the dynamic pressure.
Flow angles were read to the nearest O.1O, but calibration curves maybe
in erro~ as much as 1/4° because of accumulative errors.

RESUIIl!SAND DISCUSSION

.Sensitivi~ to Flow Angularity

suitable configurationsfor the yaw-sensing
survey probes, yaw elements and complete Yaw
a range of flow angles. The pressures at various

Probe

In order to select
elements of combination
probes were tested over
yaw angles measured by the four yaw-element probes (fig. 12) are shown
in figure 13. High-sensitivity yaw indication canbe obtained by using
tubes parallel to the flow ad having ends slanted 30° to &l” relative
to the tube axis. Each t~e is seen to indicate total pressure when
the face of the opening is normal to the flow. For other yaw angles,
the inclination of the.face of the opentig relative to the probe axis
influences the pressure reading. All four probes show hi@ sensitivity
to yaw when the face of the opening is between about 30° and 90° from
normal to the flow direction. Consequently, this is the best range for
use in designtig sensitive flow-angle probes.

The results of tests to determine the sensitivity of various claw-
type probes (fig. 14) are shown in figure 15. The claw-type probes are
for measuring flow angle only. The sensitivity was obtained by recording
the pressure readings of both yaw tubes at P above and below the null
position. The sensitivity of all thirty-five configurations investigated
was high enough for most uees. The yaw probe with tubes meettig at an
angle of 120° and having open faces 1P (total angle B = 30°) from the
flow direction was the most sensitive. For this design, a change in yaw
angle of 1° produced a difference in the two tube
cent of the dynamic pressure.

Effect of Stem on Static-Pressure

pressures of 9.5per-

Reading

The stem supporting a survey probe hfluences the flow field of the
probe. The primary quantity affected by the stem is the static-pressure

reading. In order to determine the allowable stem size, ~ - and ~-inch
4

stems were tested to measure the influence of the stem on probe readings.
The details of the pitit-static probes tested are presented in figure 16.

—— ..—..—.——... —--—..——— - ————--— ——— -—- — —-.——..—--- - ——
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D

The effects on pitot-stitic probe reading caused by ~ - and ~-inch-

diameter supporting stems were determined in the foil.o~g manner: A
.

--inch sleeve placed around the
:

~ --inch stem (fiich extended completely

across the tunnel) was moved toward and past the probe. The results of
this test are shown in figure 17. The values at the end potits are a
measure of the effect of increased stem diameter on static-pressure
reading. The left-hand side of the curves ~icates the stitic-pressure

error caused by the ~-inch-diameter stem. For a ~-percent error, the

orifice location from the stem center line should be about 14 stem diame-

ters. The effect of the ~- inch-diameter sleeve is seen to begin when

the sleeve is within 1$ inches of the yrobe. This effect increases until

the sleeve is advanced approximately 1$ inches beyond the probe, after

which little change is noted. The magnitude of the errors is largest ,
for the shortest probes, but even the longest is slightly affected by

the --inch-diameter stem. When the end of the $-inch sleeve is even
:

with the probe, the ~luence of the sleeve on the probe static-pressure
reading is seen to be approximately one-half of the total effect. The w

1 -inch-diameter stem produced approximately three times as much static-
r

pressure error as the ~-inch stem; thus the importance of using small

stem is emphasized. The effect of flow velocity on these results was
measured for a“typical configuration and found *O be small within the
range tested (fig. 18).

For combination pro%es of approxhnately the same size as these

pitot-static probes, the results of these tests indicate that ~ -inch-

diameter stems can be tolerated at distances greater than 1$ inches from

the probe, provided that the stem near the probe is slender.

Combination Probes

Prelim - designs.- In the process of obtaintig the final designs,
several probes were investigated. Probe A (figs. 7 and 19) canbe
used successfully in uniform flow fields if a static-pressurecorrection w

is made (fig. 20). However, the correction usually varies with flow
velocity nmre than is indicated for this particular probe, the tties

—. . —.— -.. —-- —— .—
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are easily bent so that the static-pressure calibration or yaw null
point or both is changed, and because of the spread of the elements the
probe should not be used in nonuniform flow fields. Probes B to H (figs. 7
and 21 to 27) were considered inadequate and rejected because of static-
pressure error, flow-angle-indicationerror, or low flow-angle-indication
sensitivity. The results obtained in tests of these pro%es are presented
in table I and are of interest because some of these probes are in conmmn
use. These results also point oti that clean aerodynamic design is neces-
sary to eliminate mutual interference effects between the various elements
and to produce a satisfactory probe.

Prism-type probe.- Reference 1 indicates that the nose shape of a
pitot-static tde has little influence on the indicated total pressure.
Reference 4 shows for several nose shapes that a static-pressure error
of less than 1 percent of the dynamic pressure may be expected at small .
tube attitudes if the static orifices are 3 or nmre probe diameters down-
stream of the base of the nose. If the yaw-t~e openings are installed
in the nose of the pitit-static tube, the accuracy of the total- and
static-pressure indication would be maintained and the angle of yaw
couldbe sensed in an undisturbed stream. This reasoning led to the
design of the prism-type probe (figs. 8 and28) which contains most of
the desired features of survey probes. The total-pressure tube is
centrally located and in the region of undisturbed flow. The yaw tubes
are placed so that they also sample undisturbed and undivided flow: The
tubes are only O.O@ inch apart; therefore they are little affected by
nonuniform flow fields unless the gradient is large.
faces in the nose of the probe are inclined 30° from
to provide high sensitivity; these surfaces are flat
in locating the tube openings will not involve large
tion. The static-pressure orifices ~e located over
downstream of the base of the nose in a region where

The yaw-tube sur-
normal to the flow
so that small errors
changes h calibra.
3 probe diameters
the static-pressure

error was found to be very small. The s~orting stem is narrow-for a

distance of 1* inches from the probe to minimize stem interference effects.

The probe is small (fig. 28) and permits the simultaneous measurement of
flow pressures and angulari@ within axial and radial distances of 0.5
and 0.09 inch, respectively.

The static-pressure error of the prism-type probe was measured by
using both the standard and the longitudinal probes for reference. Fig-
ure 29 shows that the maximum error indicated by both curves for flow
velocities up to 4-45feet per second is less than 1 2 percent of dyuamic
pressure. Zero variation of yaw null point up to d 5 feet per second
was observed. The sensitivity of the probe to yaw was obtained at two
flow velocities, 197and 390 feet per second (fig. 30). Only small

changes in results were noted as velocity was varied; both tests show
high flow-angle-indicationsensitivity and both static- and total-
pressure errors below 1/2 percent of the dynamic pressure until the

—..— . —.—- - ——-. ._ _ . .. —-. ——— .— ----- — — ...—.- ——-
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probe was yawed i50. Probe sensitivity to pitching was also measured at
two speeds, 196 and 308 feet per second (fig. 31), and a maximum static- .

pressure variation of l~percent of the dynamic pressure was obsened

up to pitch angles of f~.

In order to determine the bend of the static-pressure error of the
prism-type probe in the Mach number range fromO.3 to 0.8, a probe was
tested in an annular passage of 12-inch inner diameter and 16-inch outer
diameter upstream of a high-speed rotor. The static-pressure error
measured relative to that at a waKl tap in the passage was found to be
reasonably constant up to a Mach number of about 0.5 and comparatively
equal to values presented in figure 29. Beyond a Mach nuuiberof 0.5,
the error gradually increased and was enlsrged by approximately 1 percent
of the dynamic pressure at a Mach number of alart 0.8.

Prism-type probe designed to be munted on a rotor.- Figure 32
shows a variation of the prism-@pe pro%e that was designed to be
mounted directly on a rotor to measure exit angles behind a blade row.
Because of the heavier supporting stem, a static-pressure correction of
about 2 percent was found, but other characteristics remained essentially
the same (fig. 33). As evidence of the consistent accuracy of both prism
probes, turning angles were measured at three diameters on a rotor in
the velocity range from l% to 194 feet per second by using both probes
(figs. 34and35).Nearly identical turning angles were obtained using
the stationary and rotor-mounted probes. These two probes and two other
prism probes have been used for many tests and have provided consistent
and accurate results. The conclusion is reached that this design is
favorable for general use.

Short prism-Qpe probe.- A short prism-type probe (fig. 36) was
designed for surveying the flow in a multistage compressor where the
space between blade rows is less @an 1.46 inches, the length of the
standard prism probe. The static-pressure calibration against flow
velocity (fig. 37) indicates that locating the stem about 5 probe

diameters closer to the static orifices and the static ortiices l$probe

diameters closer to the nose reqties an approximately constant s&tic-
pressure correction of about 1.8 percent of the dynamic pressure in the
velocity range tested. ‘I’hisprobe was also checked in an annulus upstream
of a high-speed rotor to determine the static-pressure-calibrationtrend
in the Mach number range fromO.3 to 0.8. The static-pressure correction
was found to be very nearly constant and consistent with values presented
in figure 37 up to a Mach number of about 0.5. Beyond a Mach number of
O.~, the error starts to change and is altered in the positive direction
by about 3 percent of the dynamic pressure at a Mach number of about 0.8.

“
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l?yramid-typeprobe.- A special variation of the prism-type probe

was constructed which contained two additional null tubes to obtain
. pitch angles. This pyramid probe, shown in figures 8 and 38, has the

same general desi~ features as the prism probe but can also indicate
pitch angles by null positiontig or by calibration. Although the heavier
stem resulted in a more sturdy probe, it had practically no effect upon

\
the performance characteristics. Figure 39 shows that the yaw and pitch
null points and the very small.static-pressure error vary only slightly
with flow velocities up to 445 feet per second. The yaw and pitch sensi-
tivities (figs. &@ and 41) indicate that the pyramid probe has the same
favorable qualities as the prism probe and is, therefore, also recommended
for general use. In order to obtain an indication of the static-pressure

/
error at high speeds, the pyramid probe was tested downstream of the high-
speed rotor in a Freon-12 atmosphere at Mach numbers up to 2.0. The static-
pressure calibration for these tests was obtained by yawing, pitching, and
rolling the pyramid probe to the null position at a given flow speed and
then setting the standard static probe (fig. 10), which was placed at a

different circumferentialposition h the same radial plane, at the same
attitude and comparing the pressures indicated. The difference in static
pressure indicated by the two probes is shown against approximate Mach
number in figure 42. The accuracy of the standard probe is not known in
the transonic and supersonic range. Although large errors were indicated
near sonic velocity, the average difference is considered reasonably
small. The figure also shows the results of a similar test on probe
type G. The differences in stitic pressure between the standard probe
and the probe type G are over twice as large, near sonic velocity, as
the differences between the standard and pyramid probe. The pyramid
probe can probablybe used successfully at Mach numbers as high as 2 if
careful calibration is made.

Instrument Response

Probes even smaller than the prism and pyramid probes tested are
often needed. In order to determine the effect of scaling down these
designs on reaction time, the average reaction time of the probes was
compared with the reaction time for straight tubes of 12-, 6-, and 3-inch
lengths and O.OkO-, 0.020-, and O.010-inch inside diameter. Reaction
times were obtained in the following manner: One of the probes, which
contained approximately 14 inches of tubing (3 inches of tubing of
0.020-inch inside diameter joined to 11 inches of tubing of O.Ok-O-inch
inside diameter), was connected through a W-tich length of tubing of
0.22-inch inside diameter to a 0.156-inch-inside-diametermanometer tube
&l inches long. The pressure in this system was increased so that a
deflection of 50 inches of alcohol was observed on the manometer tube.
The pressure in the system was then allowed to return to its original
level by a natural flow of air through the probe orifices. Manometer
level readings were taken at even time intervals during this return. The
reaction times of the stiaight tubes were obtained in the same manner.
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Theresults shown in figure 43indicate that any appreciable
decrease in instrument size would considerably increase reaction time,
and unless unusual pressure indicattig devices were used, this increase
would render significantly smaller designs unfit for normal testing.

CONCLUSIONS ‘

Systematic tivestigationswere made to obtain information for the
design of reliable combination flow-surveying probes which indicate
total pressure, flow angle, and static pressure at a single point, have
negligible correction factors, and are suitable for subsonic turbomachine
testing. As a result of these tests, the following conclusions were made:

1. High-sensitivi@ yaw indication can be obtained by Wing t~es
ysrallel to the flow and having ends slanted 30° to &l” relative to the
tube axis.

2. The maximum-flow-amgle sensitivity for a claw-type yaw probe is
obtained when the included angle between the two yaw-element tubes is
120° and the open faces of the yaw-element tubes are 17 (total angle,
30°) from the flow direction.

3.Conibinationflow-sueying probes were designed which canbe
used to measure flow angles ti one or two planes as well as static and
total pressure. The probes are small and permit simultaneous measurement
of flow pressures and angularity within axial and radial distances of
0.5 and 0.09 inch, respectively.

‘LangleyAeronatiical Iaboratov,
National Advisory Commitiee for Aeronautics,

Iangley Field, Va., August 13, 1952.
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(a) Static-pressure variation along tunnel axis referred
to value measured at probe-mounting plane.

Figure 3.-Flow condition in the fistrument calibration tunnel.
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Figure 10.- Details of standard static probe.
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(a) Flow velocity, 197 feet per second.

Figure 30.. Variation of yaw-tube pressure difference and differences in
static- and total-pressure readings between the prim-type probe and
standard static- and total-pressure probes with yaw angle.
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(a)Flow velocity, 196feet per second.

Figure 31.-Variation of yaw null point and differences ti static- and
total-pressure readings between prim-type probe and standard static-

. and total-pressure probes with pitch angle.
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FIG-# nlcai++7, I@

Figure33.- Vsriation of yaw-tube pressure difference and differences in
static- and total-pressure readings at 155 feet per second with yaw
angle and variation of difference in static-pressurereading with
flow velocity between the prism-type probe designed for mounting on
a rotor and standard static- and total-pressure probes.
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Figure 39.-Variation of yaw and pitch null potits referred to a value
at flow velocity of 139 feet per second and ~ference in static-
pressure reading between the pyz’amid-tyyeprobe and the longituiMnal
probe with flow velocity.
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IU4,*, *C

Figure h. - Variation of pitch null point, yaw-tule pressure difference,
and difference h static- and total-pressure readings between pyramid-
type probe and longitudinaland standard total-pressureprobes with
yaw angle. Flow velocity, 402 feet per second.
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Approxhatc Mach ntier

Figure k2. - Variation of the difference h static-pressurereadings.
between the pyramid probe and a standard probe and between survey
probe G and a standard probe in a Freon-12 atmosphere with approximate
Mach nuuiber. v = 0°”
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